Introduction
Platelet-derived growth factor (PDGF) was originally described as a growth-regulatory molecule and as a chemoattractant for mesenchymal and glial cells (Ross et al., 1986; Heldin and Westermark, 1990) . Structurally, PDGF is a dimer, consisting of one A and one B chain, or of two A or two B chains. The PDGF-B chain (PDGF-B/c-SIS) exerts its biological eects by speci®c binding to both classes of PDGF receptor, PDGFR-a and PDGFR-b, whereas the PDGF-A chain binds only to PDGFR-a Heldin et al., 1988; Matsui et al., 1989) .
It was recently established that PDGF-A and PDGF-B/c-SIS are expressed in the CNS mainly in ubiquitous neurons (Yeh et al., 1991; Sasahara et al., 1991) . The expression of both PDGF receptors, PDGFR-a and -b, has also been demonstrated in neurons (Smits et al., 1991; Yeh et al., 1993; Vignais, et al., 1995) . It has been shown that the expression of PDGF-B/c-SIS and PDGFR-b in injured brain increases after injury in both human and experimental rat brains. (Takayama et al., 1994; Iihara et al., 1994 Iihara et al., , 1996 Krupinski et al., 1997) . These ®ndings suggest that PDGF-B/c-SIS is important as a neurotrophic and/or neuronal regulatory agent, and facilitates wound healing in the CNS. This is further supported by in vitro experiments, in which PDGF-B/c-SIS enhances neurite extension and the survival of cultured cerebellar neurons, and protects hippocampal neurons against energy deprivation and oxidative injury (Smits et al., 1991; Cheng and Mattson, 1995) .
Human PDGF-B/c-sis is normally expressed as a 3.5 kb transcript (Raines et al., 1990) . This transcript possesses an unusual feature, a 1 kb-long 5' untranslated sequence (UTS), which plays an important role in translational inhibition, and is presumed to be important for post-transcriptional control (Rao et al., 1988) . Expression of a shorter, 2.8 kb PDGF-B/c-sis transcript, which lacks the 5' UTS, has been described in cultured human umbilical vein endothelial cells (HUVECs; Fen and Daniel, 1991) . PDGF-B/c-sis sequences transduced by simian sarcoma and ParodiIrgens feline sarcoma viruses also lack the translation inhibitory 5' UTS (Besmer et al., 1983; Doolittle et al., 1983; Water®eld et al., 1983) . The absence of the 5' UTS is thought to contribute to a more ecient translation of the PDGF-B/c-sis gene products in these cells.
Normal CNS expresses mainly 3.5 kb PDGF-B/c-sis mRNA and lesser amounts of 2.6 kb PDGF-B/c-sis mRNA. (Sasahara et al., 1995) . We have shown that ischemia enhances the expression of PDGF-B/c-sis mRNA, especially, that of 2.6 kb length, and increases PDGF-B/c-SIS immunoreactivity in neurons and brain macrophages in the focal ischemia model in the rat brain . These suggest that, as in HUVECs and cells transformed by virus, truncation of the PDGF-B/c-sis transcription at the 5'-end could be important for the ecient translation of the gene in the CNS. However, these shorter PDGF-B/c-sis mRNAs have not been characterized, and their signi®cance is not known in non-transformed cells in vivo
The importance of PDGF in the proliferation and programmed dierentiation of 0-2A progenitor cells of the glial lineage is well described (Nobel et al., 1988; Ra et al., 1988; Richardson et al., 1988) . However, the role of PDGF-B/c-SIS in the development of the brain is dicult to assess, since studies of PDGF-B/c-SIS expression in the developing brain have yielded con¯icting results (Reddy and Pleasure, 1992; Sasahara et al., 1991; Hutchins and Jeerson, 1992) . In the present study, we determined the complete sequence of rat PDGF-B/c-sis cDNA and assayed the gene expression in developing rat brain. Besides 3.5 kb transcripts of PDGF-B/c-sis, the 2.6 kb transcript was characterized and its role in the developing brain is discussed.
Results

Determination of rat PDGF-B/c-sis cDNA sequence
We cloned the PDGF-B/c-sis cDNA sequence from an adult rat hippocampus cDNA library (Figure 1 ). This clone was 2546 bases in length, and corresponded to nt 102 ± 2647 of full-length PDGF-B/c-sis mRNA. The sequences of both 5' and 3' ends were determined by RACE PCR.
PDGF-B/c-sis expression in developing rat brain
Poly(A)
+ RNAs prepared from the brain of rats at various stages of development were analysed by probing Northern blots with a 0.6 kb PDGF-B/c-sis coding region probe, corresponding to nt 966 ± 1604. Two major PDGF-B/c-sis mRNA bands, 3.5 and 2.6 kb, were identi®ed in both the cerebral/hippocampal cortices and cerebellum/brain stem (Figure 2a and  b) . The 3.5 kb transcript was highly expressed in both segments of the brain beginning on embryonic day (ED) 14, increasing slightly until postnatal day (PN) 13, and remaining elevated thereafter. Expression of the 2.6 kb mRNA, however, could not be detected or was expressed at a very low level in the cerebral/ hippocampal cortices until PN 1, and thereafter, increased abruptly, peaking from PNs 10 ± 13. In the cerrebellum/brain stem, 2.6 kb transcripts were ®rst Figure 1 Nucleotide sequence of rat PDGF-B/c-sis mRNA. Four ATG codons are indicated by (. . .). The predicted initiation site for the signal peptide was the fourth ATG (nt 968), and the prepropeptide started at position (nt 1013). GC-rich regions were at nt 208 ± 325 (GC content: 72.9%), and nt 709 ± 898 (GC content: 88.9%). The TAG translation termination codon was at nt 1691 ± 1693. Oligonucleotide primers used in this study are indicated by arrows. (A-P: anti-sense-primer; below the sequence, S-P: senseprimer; above the sequence). *s indicate Sp-1 motif (GGGCGG) (Briggs et al., 1986) Truncated PDGF-B/c-sis mRNA in developing rat brain M Sasahara et al detected at ED 20 and were expressed at high levels between PNs 5 and 13. In both areas of the brain, expression of 2.6 kb mRNA declined after PN 13; this transcript was still found, however, in mature brains. Both classes of PDGF receptors were expressed throughout development. The most intense expression of PDGFR-b mRNA was observed at ED 14, after which it is declined slightly in both cerebral/ hippocampal cortices and cerebellum/brain stem. The expression of PDGFR-a mRNA was highest between PNs 5 and 18 in both brain segments.
To determine whether the 2.6 kb PDGF-B/c-sis transcripts represented 5' or 3' truncation or alternatively spliced mRNA, we hybridized Northern blots with probes spanning dierent regions of the fulllength mRNA. Both the 0.6 kb coding region probe and a 3'-UTS probe, 3'-probe-1, hybridized with both the 3.5 kb and 2.6 kb PDGF-B/c-sis mRNAs ( Figure  2c ). However, a 5'-UTS probe, 5'-probe-1, hybridized with the 3.5 kb, but not with the 2.6 kb transcripts, suggesting that the latter are formed by truncation of the 5' UTS region of 3.5 kb PDGF-B/c-sis mRNA.
Subcloning of the 5' and 3' sequences of PDGF-B/ c-sis mRNA
The 3'-RACE PCR products of ampli®cation with senseprimer (S-primer)-2 ( Figure 1) were subcloned, revealing sequences with two dierent poly(A) + tails, starting at nt 2551 and 2649. Since subsequent nested PCR with Sprimer-3 ampli®ed a 300 bp fragment with a poly(A) + tail, and Southern blotting with a 3'-probe-1, showed no longer fragments, we conclude that this was the 3'-end of full-length rat PDGF-B/c-sis mRNA (Figure 1 ).
Using two steps of PCR cloning, ®rst with anti-sense primer (A-primer)-2, and then with A-primer-3 ( Figure  1 ), a 1 kb fragment, representing the 5' UTS of the transcript was isolated.
Since Northern analysis had suggested that the 2.6 kb PDGF-B/c-sis transcripts were truncated at their 5'-end (Figure 2c ), we performed 5'-RACE cloning to identity the 5'-end of this smaller mRNA. After two rounds of PCR ampli®cation, ®rst with A-primer-4, and then with A-primer-5 (Figure 1 ), we obtained a PCR product which consisted of ®ve discrete bands as detected by Southern blot analysis with 5'-probe-2 ( Figure 3 , lanes 1 and 7). This PCR product was subcloned into a T-A cloning vector (see Materials and methods). After transformation, plating, and colony hybridization with 5'-probe-2, we lifted 15 colonies and analysed their inserts. Sequencing on these 15 colonies demonstrated that seven colonies contained a PDGF-B/c-sis sequence starting at position 953, three colonies started at 943, two colonies at 932, two colonies at 928, and the one other at 918. These ®ve dierent subcloned PDGF-B/c-sis sequences were cut out from the cloning vector with EcoRI and BamHI, run on the gel and probed ( Figure 3 , lanes 2 to 6). These subcloned fragments corresponded to ampli®ed PCR products (Figure 3 ), con®rming that the subcloning and sequencing represented the results of PCR.
Determination of the 5' ends of 2.6 kb mRNA by RNase protection GC-rich sequences in exon 1 of PDGF-B/c-sis mRNA and the attendant secondary structure could cause premature termination of reverse transcription in RACE cloning, revealing false 5'-termini. Therefore, the 5' ends of the 2.6 kb PDGF-B/c-sis transcript were assessed by an RNase protection assay, using a Digoxigenin (Dig)-labeled 360 bp antisense PDGF-B/ c-sis mRNA spanning nt 845 ± 1204. After electrophoresis and blotting, the fully protected 360 bp fragment was detected most intensely, along with two smaller fragments ( Figure 4 ). The sizes of these latter fragments were determined by performing RNase protection assays with synthesized PDGF B/c-sis sense RNAs of known sizes. The more strongly hybridizing smaller band corresponded to RNA transcribed from nt 953, whereas the fainter band corresponded to transcription from nt 918. These results agree with RACE cloning which showed that the most frequently subcloned gene fragment started at nt 953, and the less frequently subcloned fragment started at nt 918. Accordingly, we conclude that the smaller PDGF-B/ c-sis transcripts observed during development of the 
Localization of PDGF-B/c-sis mRNA in brain tissue
In PN 5 brains, we compared the pattern of expression of the 3.5 kb and 2.6 kb PDGF-B/c-sis mRNAs by in situ hybridization using probes; one was a probe spanning the 5' UTS sequence complementary to the 3.5 kb transcript but not to the 2.6 kb transcript, and the other probe spanned at 3' UTS sequence complementary to both 3.5 and 2.6 kb transcripts.
As shown with low power microscopy in Figure 5a and c, both anti-sense probes spanning 5' UTS and 3' UTS hybridized in a similar fashion to neurons in the cerebral cortex and hippocampus. A striking dierence between the two probes was observed in the cerebellum and brain stem. In situ hybridization with the 3' UTS probe showed most intense signals in the cerebellum (indicated by arrow in Figure 5c ) and in some parts of the brain stem, such as the superior colliculus (indicated by open arrow in Figure 5c ) and facial nucleus (indicated by arrow head in Figure 5c ). In contrast, in situ hybridization with the 5' UTS probe showed diuse hybridization signals in the cerebellum and brain stem with intensities similar to those in other parts of the brain (Figure 5a Figure 6d ) were signi®cantly increased compared to those with 5' UTS probes (Figure 6c ). Both 5' and 3' UTS probes hybridized with similar intensities to neurones in the external and inner granular layer of the cerebellum (Figure 6c and d) . Also, increased hybridization was observed in the facial nerve nucleus (indicated by arrow heads in Figure 6f ) and lateral reticular nucleus (indicated by arrow heads in Figure  6h ) with the 3' UTS probe as compared with the 5' UTS probe (Figure 6e and g ).
Discussion
The PDGF-B/c-sis message is unique in having a 1 kb long 5' UTS upstream of the coding region (Raines, et al., 1990) . The currently determined rat PDGF-B/c-sis cDNA contained a 5' UTS highly homologous with that of human (79.2%, Rao et al., 1988) and mouse (95.4%, Bonthoron et al., 1991) . Similar to other species, the rat message contained four ATG translation initiation codons (Figure 1 ). RNA prepared from cerebral/hippocampal cortices of PN 10 in lanes 1 and 7. Before loading, PCR product was digested with BamHI which recognized position +1034 of the PDGF-B/c-sis gene for comparison with subcloned genes. Subcloned PCR products, starting at +953, +943, +932, +928, and +918, were cut out from the cloning vector with EcoRI and BamHI, and loaded onto lanes 2 ± 6, respectively. EcoRI recognizes the sequence of the cloning site of the plasmid, and cuts out inserts together with seven base pairs additional to the PCR ampli®ed fragments. Each was separated on 5% polyacrylamide/8 M urea gel, and probed with 5'-probe-2. Cut out fragments showed less mobility than PCR product due to the seven extra-sequences derived from the cloning vector. These results proved that subcloning represented the result of RACE PCR ± 1204) ; or (lane 6), a 287 bp sense fragment (nt 918 ± 1204); and digested with RNase T1. DNA templates for these used RNA were ampli®ed by PCR from a cDNA library which was prepared in the process of RACE cloning. We used anchor primer (Figure 1 ) as antisense primer, and sense primers S-P-4, S-P-5, and S-P-6 (Figure 1) for 237, 252, and 287 bp fragments, respectively. Ampli®ed fragments were subcloned into PGEM-4Z and linearized with HindIII, and sense RNA was synthesized with T7 RNA polymerase (Boehringer). We observed two major PDGF-B/c-sis transcripts, of 3.5 and 2.6 kb, in developing rat brain. We also found that the 2.6 kb PDGF-B/c-sis mRNA lacked a major part of the 5' UTS present in the 3.5 kb transcript. The most abundant 2.6 kb message started 15 nt upstream of the translation initiation site, with a GGGCCC-sequence at the 5' end. This site corresponded with the truncated PDGF-B/c-sis transcript reported in cultured HUVECs (Fen and Daniel, 1991) , suggesting the existence of common mechanism for the gene truncation between rat and human non-transformed cells.
Although the 3.5 kb transcript was almost constitutively expressed during brain development, the 2.6 kb message was dramatically upregulated at PN 5 in the cerebellum/brain stem, and at PN 10 in the cerebral/ hippocampal cortices. Also in histological section, we detected increased expression of the short form of the gene mainly in the cerebellum and brain stem on PN 5 as demonstrated by increased hybridization signals with the 3' UTS probe as compared to the 5' UTS probe. Increased signals were localized in the cerebellar Purkinje cells and neurons in the nuclear complex of the brain stem. Thus, both Northern blot analysis and histological analysis demonstrated that the increased expression of the short form of the PDGF-B/c-sis gene closely correlated with the stages of development at which we observed increased PDGF-B/c-SIS immunoreactivity in neurons (Sasahara et al., 1992) .
The 5' UTS of PDGF-B/c-sis has been reported to strongly inhibit translation (Rao et al., 1988) . A recent deletion mutation study demonstrated that a strong stem-loop structure, as well as GC-rich element, were required to block PDGF-B/c-sis mRNA translation (Horvath et al., 1995) . Accordingly, our ®nding, that the major part of the 5' UTS was deleted from the 2.6 kb PDGF-B/c-sis transcripts in developing rat brains, strongly suggests that these smaller PDGF-B/ c-sis mRNAs are important for the expression of PDGF-B/c-SIS protein in neurons.
The evolutionary conservation of 5' UTS implies a functional role at either the genomic or mRNA level (Van den Ouweland et al., 1996) . The 5' UTS of PDGF-B/c-sis shares the characteristics of the TATA-less promoter of other genes, in that the sequences lack TATA boxes and exhibit GC-rich regulatory regions and multiple Sp-1 binding GC motifs (Lu et al., 1994) . In addition, the existence of multiple 5' ends in truncated PDGF-B/c-sis transcripts resembles that reported in genes having a TATA-less promoter (Adams, 1995) . This suggests that the 5' UTS of PDGF-B/c-sis may serve as a TATA-less promoter for the transcription of truncated mRNAs in the developing brain. Hutchins and Jeerson (1992) ®rst detected PDGF-B/c-SIS in developing rat brains; they reported that this protein was most abundant during the gestational period and decreased after birth. We found, however, that PDGF-B/c-sis mRNA and protein (Sasahara et al., 1992) were synthesized most rapidly during the neonatal period. This discrepancy can be explained by the low metabolic rate of the peptides in neonatal CNS, in which the synaptic network is not yet established. In fact, in the adult brain, PDGF-B/c-SIS was abundant in the perikarya and in the axonal ®ber bundles of retinal ganglion cells but disappeared a few days prior to retrograde ganglion cell death after transection of the optic nerve (Mekada et al., 1996) . This suggests that PDGF-B/c-SIS is transported through the axon and actively metabolized in the mature brain.
PDGF-B/c-SIS protein expression has been detected in early stages of rat CNS development (Hutchins and Jeerson, 1992; Sasahara, et al., 1992) , prior to the expression of the 2.6 kb message. This suggests that PDGF-B/c-sis is also translated from full-length PDGF-B/c-sis message. At later stages, however, the truncated PDGF-B/c-sis transcripts should be more important than full-length mRNA for translation in the brain, because the expression of truncated PDGF-B/c-sis transcripts during brain development correlates with increased PDGF-B/c-SIS protein expression in neurons (Sasahara et al., 1992) , and the truncated transcripts lack the translation-inhibitory ®rst exon. Furthermore, this truncation of the transcript seems to be preserved in the mature brain, since focal ischemia in the adult rat brain induces coordinate expression of the 2.6 kb mRNA and PDGF-B/c-SIS protein shortly after onset .
In some neuronal systems, such as the Purkinje cells, developmental events are correlated with the temporal expression of PDGF-B/c-SIS (see discussion in Sasahara et al., 1992) . In the CA1 and CA3 areas of the rodent hippocampus, the relative postnatal growth of the comissural/associational terminal ®elds, and the elaboration of stratum radiatum pyramidal dendrites, are most rapid in the second postnatal week (Loy, 1980; Pokorny and Yamamoto, 1981) . PDGF-B/c-SIS has been shown to exhibit various properties, including enhancement of neurite extension, induction of c-fos (Smits et al., 1993) , stimulation of tyrosine phosphorylation (Cooper et al., 1982) , inhibition of gapjunctional communication (Maldonado et al., 1988) , and inhibition of NMDA receptor function (Valenzuela et al., 1996) , all of which are consistent with the possible involvement of PDGF-B/c-SIS in synaptic transmission. Considering the abundant receptor (PDGFR-b) expression in neonatal neurons (Smits et al., 1991) , the expression of PDGF-B/c-SIS in the hippocampus during the second postnatal week may be related to the maturation of neurons, including as neurite extension and elaboration of synaptic network.
Lack of the 5' UTS of the PDGF-B/c-sis transcript and resultant ecient protein translation have been discussed mainly in relation to the tumor genesis. Recently, Dirks et al. (1995) cloned a novel c-sis mRNA of 2.6 kb from human choriocarcinoma cell line JEG-3. The transcript was transcribed from a promoter in c-sis intron 1 and lacked the 5' translation inhibitory ®rst exon. In non-transformed cells, a truncated form of PDGF-B/c-sis message was reported only in cultured HUVECs (Fen and Daniel, 1991) . Our present study together with previous data (Sasahara et al., 1992; Iihara et al., 1994) characterized truncated PDGF-B/c-sis message in developing rat brain, a non-transformed tissue in vivo, and identi®ed it as an important template for the translation of the protein. It seems plausible that similar mechanisms for PDGF-B/c-sis expression also operate in other nontransformed tissue, and further eorts would be required to clarify the transcriptional mechanism and the role of PDGF-B/c-sis in vivo.
Materials and methods
Cloning and sequencing of rat PDGF cDNA A cDNA library of reverse transcribed adult rat hippocampus mRNA was constructed in lambda phage (ARC 10266; Clontech, Palo Alto, California, USA) and screened for PDGF sequences by hybridization with a rat 0.6 kb PDGF-B/c-sis cDNA probe (described below) according to the method of Sambrook et al. (1989) . The clone was digested with Sau3AI, and the digested fragments were subcloned into the BamHI site of pGEM 4Z (Promega, Madison, Wisconsin, USA) and sequenced.
Experimental protocols
All animal experiments were performed in accordance with our institution's regulations for the care of animals. SLC Wistar rats (Japan SLC, Inc., Hamamatsu, Japan) were used in these experiments.
Northern analysis
On embryonic days (ED) 14 and 20, and on postnatal days (PN) 1, 5, 10, 13, 18, 23, 30 , 40, and at 37 weeks, (n=6 at each point), rats were anesthetized with sodium pentobarbital, 50 mg/kg body weight, and perfused with cold Ringer's solution. Tissue specimens from rats of similar ages were pooled. Poly(A) + RNA was extracted from each sample of pooled cerebral/hippocampal cortices, pooled cerebellum/brain stem, or pooled whole brains (ED 14 rats only) as previously described (Badlely et al., 1988) . We performed electrophoresis, blotting, autoradiography, and evaluation of the signal intensities as previously described (Sasahara et al., 1995) . PDGF-B/c-sis probes are described below. The cDNA probes for human PDGFR-a and human PDGFR-b were the generous gifts of Dr T Matsui (Kobe University, Kobe, Japan; Matsui et al., 1989) and Dr RGK Gronwald (University of Washington, Seattle WA; Gronwald et al., 1988) , respectively. Hybridization with a GAPDH probe was performed to control for sample loading.
PDGF-B/c-sis probes
Oligonucleotide primers for PCR were synthesized by Gene Assembler Plus (Pharmacia, Uppsala, Sweden). Each primer position is speci®c in Figure 1 . Restriction enzymes were obtained from Toyobo Biochemicals (Tokyo, Japan). A 0.6 kb cDNA Probe was synthesized by PCR amplification with sense (S)-primer-1 (nt 966 ± 990) and antisense (A)-primer-1 (nt 1604 ± 1584) (Sasahara et al., 1995) . 5'-probe-1 is a BamHI-ApaI fragment spanning nt 709 ± 944, 5'-probe-2 is a BamHI fragment spanning nt 709 ± 1034. These DNA fragments were ligated into P Bluescript SK7(Stratagene, La Jolla, California, USA) and were ampli®ed. A 3'-probe-1, at nt 2577 ± 2927, was obtained during Marathon RACE cloning (described below). For Southern blot analysis, gel isolated fragments were denatured at 998C for 10 min, and were labeled by random-priming with Dig-11-dUTP following the supplier's protocol (DIG DNA labeling kit, Boehringer, Mannheim, Germany).
PCR analysis
RACE cloning (Weis, 1994) , was performed with a Marathon cDNA ampli®cation kit (Clontech). cDNA was synthesized from 1 mg poly(A) + RNA from PN 10 cerebral/hippocampal cortices, using a modi®ed oligo-dT primer and 200 U MMLV reverse transcriptase, for 1 h at 428C. After second-strand cDNA synthesis with 5 U T4 DNA polymerase, Marathon cDNA adapter was ligated to both ends of the cDNA with 1 U T4 DNA ligase overnight at 168C.
Ampli®cation was performed by two-step PCR (denaturation at 988C for 30 s and annealing/extension at 688C for 5 min), for 30 cycles, using anchor-speci®c primers, 2.5 units Ex-Taq DNA polymerase (Takara, Shiga, Japan), and genespeci®c anti-sense primers for 5' end ampli®cation, or speci®c sense primers for 3' end ampli®cation.
Determination of the 5' end of the 2.6 kb PDGF-B/c-sis transcript was performed with a 5'/3' RACE kit (Boehringer). cDNA was synthesized from 2 mg poly(A) + RNA from PN 10 cerebral/hippocampal cortices, using 20 U AMV reverse transcriptase and an oligonucleotide complementary to the PDGF-B/c-sis sequence at nt 1182 ± 1204, for 1 h at 558C. A Poly(A) + tail was added to the 5'-end of single-stranded cDNA with terminal transferase. PCR ampli®cation was performed with Ex-Taq DNA polymerase (Takara), 0.2 mM of oligo dT-anchor primer and each speci®ed primer for 40 cycles (denaturation at 948C for 15 s, annealing at 558C for 30 s, and extension at 688C for 40 s).
PCR products were ligated into plasmid, using a T-A Cloning Kit (Invitrogen, San Diego, California, USA), overnight at 148C. Colony hybridization was performed using a Dig-labeled cDNA probe and developed with Truncated PDGF-B/c-sis mRNA in developing rat brain M Sasahara et al alkaline-phosphatase conjugated anti-Dig antibody. Cycle sequences with¯uorescent labeled primer were performed using a Shimadzu DSQ-1000 Autosequencer (Kyoto, Japan).
RNase protection assay
The Poly(A) + RNA (5 mg) that was prepared from the cerebral/hippocampal cortices of PN10 rats was incubated with 1 ng Dig-labeled rat PDGF-B/c-sis antisense RNA for 25 min at 688C. The labeled sequence was a SacI -XhoI fragment that corresponded to nt 845 ± 1204, and which had been ligated into p Bluescript SK-, linearized with PvuII, and labeled by runo incorporation with a DIG RNA labeling kit (Boehringer) for 2 h at 378C following the supplier's protocol. The samples were digested with RNase T1 (100 units/ml, Ambion, Austin, Texas, USA) for 30 min at 378C; after inactivation of the RNase and precipitation, the samples were electrophoresed on a 5% acrylamide/8 M urea gel (Bio Rad, Hercules, California, USA) at 250 V for 90 min and electro-transferred to a positively charged nylon membrane (Boehringer). The membrane was incubated with alkaline phosphate-conjugated anti-Dig antibody and CDP-star as a chemiluminescent substrate for alkaline phosphatase (Boehringer), and developed with Amersham Hyper®lm (Amersham, Buckinghamshire, UK) for 5 ± 10 min.
In situ hybridization
Tissue sections 7 mm thick were prepared from rat brains of PN 5, (n=4), after immersion-®xation with methylCarnoy's solution and embedding in paran. For in situ hybridization, the 3'-probe-1 fragment (spanning 3' UTS), ligated into PCR II T-A cloning vector (Invitrogen), was linearized by digestion with EcoRV or BamHI and run-o labeled with Sp6 or T7 RNA polymerases to obtain sense and antisense labeled probes, respectively as described above. Another cDNA spanning 5' UTS nt 102 ± 502 was prepared by Sau3AI digestion of cloned PDGF-B fragment, and ligating into PGEM-4Z at the BamHI site. Plasmid was linearized with HindIII and EcoRI, and runo labeled with Sp6 and T7 RNA polymerases to obtain sense and antisense Dig-labeled probes, respectively. All other methods used for in situ hybridization were the same as described previously (Sasahara et al., 1995) , except that the samples were acetylated prior to prehybridization in order to reduce background signals. To acetylate the tissue sections, they were dipped in 0.1 M triethanolamine, 0.25% acetic anhydride at room temperature for 10 min, dehydrated with a series of alcohol solutions, and air dried.
Abbreviations A-primer, anti-sense-primer; Dig, Digoxigenin; ED, embryonic day; HUVEC, human umbilical vein endothelial cell; PDGF, platelet-derived growth factor; PDGFR, platelet-derived growth factor receptor; PN, postnatal day; S-primer, sense-primer; UTS, untranslated sequence.
